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Abstract: Lifestyle behavioral habits such as excess screen time (ST), a lack of physical activity
(PA), and high energy-dense food consumption are associated with an increased risk of children
being overweight or obese. This study aimed to (1) track longitudinal adherence to PA and ST
recommendations at baseline (T0) and follow-up (T1) and (2) assess the association between changes
in adherence to PA and ST recommendations and food and beverage consumption at follow-up. The
present study included 2321 preschool children (3.5 to 6) participating in the multicenter ToyBox-study.
A lineal mixed effects model was used to examine the association between different types of food
and beverages and their relationship with changes in adherence to PA and ST recommendations.
Approximately half of the children (50.4%) did not meet the PA and ST recommendations at both
baseline and follow-up. However, only 0.6% of the sample met both PA and ST recommendations.
Preschool children who met both recommendations consumed fewer fizzy drinks, juices, sweets,
desserts, and salty snacks and consumed more water, fruits and vegetables, and dairy products than
did those not meeting both recommendations. In conclusion, the proportion of European preschool
children adhering to both PA and ST recommendations was very low and was associated with a low
consumption of energy-dense foods.
Keywords: screen time; physical activity; preschool children; food and beverage consumption
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1. Introduction
Being overweight or obese during childhood and adolescence is a major public health challenge [1].
Excess weight gain during childhood is associated with long-term health risks and adult diseases such
as cardiovascular disease, type 2 diabetes, and hypertension [2]. Behaviors such as excessive screen
time (ST), a lack of physical activity (PA), and high consumption of energy-dense foods have been
shown to be independently associated with increased risks of being overweight or obese in children,
adolescents, and adults [3]. Individually and combined, high sugar-sweetened beverage and low fruit
and vegetable consumption are associated with an increased obesity risk [4,5], while behaviors such as
PA appear to be protective [6,7]. Hence, it is crucial that interventions during childhood target lifestyle
behaviors such as diet, physical activity, and sedentary behavior, which are established in early years
and track into adulthood [8].
PA guidelines for preschool children recommend that preschool children should spend at least
180 min per day doing PA [9]. Limited evidence suggests that a total daily physical activity volume
of 10,000–14,000 steps per day is associated with 60–100 min of moderate vigorous PA in preschool
children [10]. De Craemer et al. [11] proposed using 11,500 steps per day as an attainable and realistic
cut-off for PA recommendations, helping to promote PA among preschool children. Regarding ST,
established guidelines for preschool children (one- to five-year-olds) state that they should limit TV
viewing and use of other electronic media such as computers, DVDs, and other electronic games to less
than one hour per day [9].
ST has been shown to be associated with increased energy-dense food and beverage consumption
and decreased fruit and vegetable (F & V) consumption in preschool children [12]. In European children
participating in the IDEFICS study, low time spent on moderate to vigorous physical activity (MVPA)
was associated with a low consumption of vegetables and yogurt and high fast food consumption [13].
A low socioeconomic status was also associated with consumption of high energy-dense foods,
increased ST, and low levels of PA [14,15].
To the authors’ knowledge, there are no studies that have investigated the individual and combined
effects of PA and ST on food consumption in preschool children. For this reason, the current study
aimed to (1) track longitudinal adherence to PA and ST recommendations at baseline (T0) and follow-up
(T1) and (2) assess the association between changes in the adherence to PA and ST recommendations
and food and beverage consumption at follow-up (T1).
2. Methods
2.1. Study Design
The ToyBox-study (www.toybox-study.eu) was were a cluster-randomized clinical trial aiming to
prevent obesity in preschool children. It was conducted in six European countries, namely Belgium,
Bulgaria, Germany, Greece, Poland, and Spain. The detailed protocol is described elsewhere [16,17].
In total, 309 kindergarteners and 7056 children aged 3.5–6 years were recruited at baseline (T0), and
5529 children continued at follow-up (T1) [18]. The ToyBox intervention aimed to promote preschool
children’s water consumption, healthy snacking, and PA and limit/interrupt their sedentary time by
improving the children’s physical and social environment both in kindergarten and at home. In this
study, 2321 (33% of the baseline sample) preschool children were included with complete information
from a parental questionnaire and also pedometer information at baseline (T0) and follow-up (T1). Data
collection was carried out in May–June 2012 (T0) and May–June 2013 (T1). The ToyBox-study adhered
to the Declaration of Helsinki and the conventions of the Council of Europe on human rights and
biomedicine. In all countries, ethical approval was obtained from their respective ethical committees
and local authorities.
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2.2. Socioeconomic Variables
Maternal education level (years of education) was recorded in five categories: less than 7 years,
7–12 years, 13–14 years, 15–16 years, and more than 16 years of education. For the purposes of the
analysis, this was then recategorized into three categories: less than 7 years to 12 years, between 13
and 16 years, and more than 16 years of education. The selection of this indicator was based on its
identification as the best proxy indicator of socioeconomic status [19].
2.3. Anthropometric Measures
Body weight was measured in underwear and without shoes using an electronic scale (Type
SECA 861 or SECA 813) to the nearest 0.1 kg, and body height was measured with a telescopic height
instrument (Type SECA 225 or SECA 214) to the nearest 0.1 cm. Body mass index (BMI) was calculated
as weight (kg) divided by squared height (m2). BMI z-scores (zBMI) were computed to classify children
as being of a normal weight, being overweight, or being obese, for which the Cole et al. criteria were
considered [20]. The intra- and interobserver reliability for weight and height was excellent (greater
than 99% and 98%) in all participating countries [21].
2.4. Diet Assessment
Food and beverage consumption was assessed via a parentally reported semiquantitative food
frequency questionnaire (FFQ) [22]. Low to moderate relative validity was observed, which varied by
food and beverage group [23]. Estimated correlations ranged from 0.52 to 0.79. Food and beverage
consumption was expressed as the number of portions per week. In the FFQ, 37 items were included,
and in the current analysis they were merged into 21 groups according to their nutritional content
(the main nutrient being proteins, carbohydrates, or fats). Of those 21, 10 were chosen and entered
into the current analysis because they were considered to be associated with obesity development [24]:
(1) water; (2) fizzy drinks (soft drinks and light drinks); (3) fresh fruit juices and packed juices; (4)
dried, canned, and fresh fruits; (5) dairy products (milk, yogurt, and cheese); (6) sweets (chocolate
and chocolate spreads, cakes, biscuits, and pastries); (7) desserts (smoothies, milk-based desserts, and
sugar desserts); (8) meat and processed meat; (9) salty snacks; and (10) pasta and rice.
2.5. Physical Activity
In all of the countries except Belgium, PA was assessed by means of pedometers (Omron Walking
Style Pro pedometers (HJ-720IT-E2)) assessing the number of steps per day. In Belgium, steps were
measured using ActiGraph (Pensacola, FL, USA) accelerometers. Step counts from the accelerometers
and pedometers were comparable. Evidence of their validity in preschool children indicated high
correlations (daily, r = 0.89). In addition, evidence has suggested that the Omron Walking Style Pro
pedometer is a valid and accurate measure to assess preschoolers’ steps per hour [25]. The devices
were worn on the right hip (secured by an elastic waistband) for six consecutive days, including two
weekend days [22]. The steps were further categorized into two categories, including ≥11,500 steps
per day (if children followed the PA recommendations) and <11,500 steps per day (if children did not
follow the PA recommendations). The selected step count cut-off was based on Reilly et al. [26] and De
Craemer et al. [11].
2.6. Screen Time
Data on children’s screen time was collected via a standardized proxy-administered parental
questionnaire (i.e., the Primary Caregivers’ Questionnaire). Screen time was used as a proxy indicator
of sedentary behavior. The behaviors assessed included watching TV and DVDs and playing
computer/video games. Parents/caregivers reported frequency for both weekdays and weekend days.
The frequency categories included “never”, “less than 30 min/day”, “30 min to 1 h/day”, “1–2 h/day”,
“3–4 h/day”, “5–6 h/day”, “7–8 h/day”, “8 h/day”, and “more than 8 h/day”. Average hours per day
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of TV/video viewing and personal computer use (separately for weekdays and weekend days) were
summed up to obtain the screen time. To obtain the daily screen time, the average minutes per day,
both for week- and weekend days, were summed up and divided by 7 days. The answers were further
aggregated into two categories, including ≤1 h per day (if children followed the recommendations)
and >1 h per day (if children did not follow the recommendations). These categories were based on the
Australian and Canadian sedentary behavior recommendations, which state that preschool children
should limit their screen time to a maximum of 1 h per day [9,27,28].
2.7. Statistical Analysis
Statistical analyses were performed using Statistical Package for the Social Sciences (version 21.0;
SPSS, Inc., Chicago, IL, USA). Analysis was done for the whole sample, as there were no differences by
sex in all of the included variables as tested using a t-test for continuous variables and a chi-squared
test for categorical variables. In order to evaluate possible changes in the adherence to both behaviors
(ST and PA) between T0 and T1, seven groups were established, reflecting differential combinations
of meeting or not meeting the ST and/or PA recommendations. Figure 1 shows the seven groups
derived from possible combinations of ST and/or PA recommendations. Two of them included children
who got worse in their behaviors from T0 to T1 (meeting both recommendations at T0 and meeting
one of the recommendations at T1; meeting one of the recommendations at T0 and not meeting any
recommendations at T1). Two groups included children who improved in their behaviors from T0 to
T1 (not meeting any recommendations at T0 and meeting one of the recommendations at T1; meeting
one of the recommendations at T0 and meeting both recommendations at T1). The last three groups
included children who maintained their behaviors from T0 to T1 (meeting both recommendations at T0
and T1; meeting one of the recommendations at T0 and T1; and not meeting any recommendations at T0
and T1). After establishing the potential combinations of ST and PA recommendations, a lineal mixed
effects model with random effects for country and food consumption at T1 as predictor variables and
z-BMI, maternal education, and intervention versus control region at T1 as covariates were analyzed.
Marginal means and standard deviations (SE) were used to show differences in food and beverage
consumption by PA and ST recommendation combinations. All statistical tests and corresponding
p-values lower than 0.05 were considered statistically significant.
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3. Results
Table 1 presents descriptive information on age, gender, BMI categories, z-BMI scores, maternal
education, and country for the total sample, both at the T0 and T1 periods. According to BMI, 2.8% of
the sample at T0 was obese and 10.6% was overweight, while 3.2% of the sample at T1 was obese and
10.3% was overweight.
Table 1. Descriptive characteristics of European preschool children participating in the ToyBox-study.
T0 T1 P-Figvalue
Mean (SE) Mean (SE)
Age (years) 4.74 (0.4) 5.72 (0.4) <0.001
Sex Boys 1209 (52.1) 1210 (52.1) 0.152
Girls 1111 (47.9) 1111 (47.9)
BMI status * Normal weight 1988 (85.7) 1980 (85.3)
Overweight 245 (10.6) 240 (10.3) <0.001
Obese 64 (2.8) 75 (3.2)
zBMI 0.20 (1.0) 0.27 (1.0) <0.001
n (%)
Maternal education <7–12 337 (14.5)
(years) 13–16 947 (40.8) 0.104
>16 965 (41.6)
Center Belgium 522 (22.5)
Bulgaria 74 (3.2)
Germany 284 (12.2) 0.645
Greece 317 (13.7)
Poland 688 (29.6)
Spain 435 (18.7)
Abbreviations: BMI, body mass index; zBMI, body mass index z-score; T0, baseline period; T1, follow-up period; *
BMI according to Cole’s cut-off [20].
Table 2 presents the proportion of the sample adhering to PA and ST recommendations for
preschool children at both time points. Only 12.4% of children at T0 and 8.8% at T1 met the PA
recommendation. In terms of ST, 30.2% of children at T0 and 27.7% at T1 met the recommendations.
Table 2. Number (%) of European preschool children participating in the ToyBox study that met or
did not meet the physical activity and screen time recommendations at baseline (T0) and follow-up
(T1) (n = 2321).
T0
n (%)
T1
n (%)
Physical activity
recommendations *
<11,500 steps/day 2033 (87.6) 2117 (91.2)
≥11,500 steps/day 288 (12.4) 204 (8.8)
Screen time
recommendations **
≤1 h/day 701 (30.2) 644 (27.7)
>1 h/day 1620 (69.8) 1670 (72.3)
* Recommendations according to Reilly et al. [26] and De Craemer et al. [11] ** Recommendations on healthy eating
and physical activity guidelines for early childhood settings in Australia [9,27,28].
Derived from the general linear model, Figure 2 presents the marginal means and SDs of eight
food and beverage groups (F & V, dairy products, desserts, sweets, water, salty snacks, juices, and
fizzy drinks), according to several grouping combinations for meeting or not meeting PA and ST
recommendations at baseline (T0) and follow-up (T1). In general, preschool children who met
both recommendations (PA and ST) consumed less dessert (Figure 2c), sweets (Figure 2d), salty
snacks (Figure 2f), juices (Figure 2g), and fizzy drinks (Figure 2h) and more F & V (Figure 2a), dairy
products (Figure 2b), and water (Figure 2e). In contrast, preschool children who failed to meet the
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recommendations over time had a higher consumption of desserts (Figure 2c), sweets (Figure 2d),
juices (Figure 2g), and fizzy drinks (Figure 2h), and lower consumption of F & V (Figure 2a) and water
(Figure 2e).
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recommendations at T0 and met one of the recommendations at T1; G5: met one of the recommendations
at T0 and did not meet any recommendations at T1; G6: did not meet any recommendations at T0 and
met one of the recommendations at T1; G7: did not meet any recommendations at T0 and did not meet
any recommendations at T1. Adjusted for maternal education, body mass index z-score at T1, sex,
and center. Abbreviations: PA, physical activity; ST, screen time; SD, standard deviation; T0, baseline
period; T1, follow-up period; F & V, fruits and vegetables; dairy products (milk, yogurt and cheese);
desserts (smoothies, milk-based desserts and sugar desserts); sweets (chocolate and chocolate spreads,
cakes, biscuits and pastries); juices (fresh fruit juices and packed juices); fizzy drinks (soft drinks and
light drinks). (a) F & V, (b) dairy products, (c) dessert, (d) sweets, (e) water, (f) salty snacks, (g) juices,
(h) fizzy drinks.
Table 3 presents the associations between several grouping combinations of meeting or not meeting
the PA and ST recommendations at T0 and at follow-up T1 and food and beverage consumption
at follow up (T1). Seven possible combinations were identified. Approximately half of the sample
(50.4%) did not meet either the PA or the ST recommendations in either period. With the opposite,
only 0.6% of the sample met both PA and ST recommendations at both T0 and T1. Those who did not
meet either recommendation at either time point (T0 and T1) were used as the reference group for
analysis. Those children who met both recommendations at T0 and T1 consumed significantly fewer
milk-based desserts and salty snacks in comparison to those who did not meet either recommendation
at either time point. Those who met both recommendations at T0 and only one at T1 had a significantly
lower consumption of fizzy drinks and salty snacks and higher consumption of F & V in comparison
to the reference group. In addition, those children who met one of the recommendations at T0 and
T1 had a significantly lower consumption of fizzy drinks, sweets, desserts, and salty snacks, and
higher consumption of F & V. Those children who did not adhere to the recommendations at T0 and
met one of them at T1 had a lower consumption of fizzy drinks, juices, sweets, desserts, and salty
snacks in comparison to the reference group. At the same time, those children who met one of the
recommendations at T0 and both at T1 had a lower consumption of fizzy drinks, juices, and salty
snacks in comparison to not meeting either recommendation at either time point. Lastly, a significantly
low consumption of juices, sweets, and salty snacks was observed in those children who met one of
the recommendations at T0 and did not meet any recommendations at T1 in comparison to those who
did not meet the PA and ST recommendations over time.
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Table 3. Results of the lineal mixed effects model between food consumption and adherence to physical activity and screen time recommendations at baseline (T0) and
follow-up (T1) periods (n = 2321).
PA and ST
Recommendations
at T0
PA and ST
Recommendations
at T1
n
% Water Fizzy Drinks Juices F & V
Dairy
Products Sweets Desserts
Meat and
Processed Meat Salty Snacks
Pasta and
Rice
β β β β β β β β β β
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Met both
recommendations
Met both
recommendations
15 (0.6) 3.41 −1.65 −1.84 3.32 3.43 −1.69 −4.03 −2.38 −0.60 0.49
(−1.22; 8.04) (−3.71; 0.41) (−4.32; 0.65) (−0.62; 7.25) (−0.77; 7.63) (−5.43; 2.04) (−6.75; −1.29) * (−5.06; 0.29) (−1.18; −0.02) * (−0.51; 1.49)
Met both
recommendations
Met one of the
recommendations
64 (2.8) 0.25 −1.75 −0.38 3.42 0.078 −0.93 −1,04 −0.33 −0.51 −0.26
(−2.16; 2.67) (−2.80; −0.69) * (−1.67; 0.90) (1.41; 5.44) * (−2.07; 2.23) (−2.84; 0.98) (−2.44; 0.35 (−1.66; 0.99) (−0.80; −0.20) * (−0.77; 0.25)
Met one of the
recommendations
Met both
recommendations
354 (15.3) 1.76 −1.47 −1.60 0.99 −2.07 −0.32 −1.32 −0.10 −0.41 −0.09
(−1.09; 4.62) (−2.78; −0.16) * (−3.18; −0.02) * (−1.50; 3.49) (−4.73; 0.59) (−2.69; 2.05) (−3.05; 0.40) (−1.77; 1.56) (−0.78; −0.04) * (−0.73; 0.55)
Met one of the
recommendations
Met one of the
recommendations
41 (1.8) 0.58 −1.34 −0.47 2.29 −0.58 −1.15 −1,45 −0.56 −0.49 0.01
(−0.49; 1.66) (−1.82; −0.86) * (−1.05; 011) (1.36; 3.20) * (−1.56; 0.40) (−2.03; −0.27) * (−2.08; −0.81) * (−1.17; 0.05) (−0.62; −0.35) * (−0.22; 0.25)
Met one of the
recommendations
Did not meet any
recommendations
241 (10.4) 0.07 −0.34 −0.63 0.38 −0.34 −1.24 −0.24 −0.28 −0.24 −0.21
(−1.06; 1.21) (−0.85; 0.16) (−1.24; −0.01) * (−0.58; 1.34) (−1.37; 0.69) (−2.15; −0.31) * (−0.90; 0.43) (−0.92; 0.35) (−0.38; −0.09) * (−0.46; 0.03)
Did not meet any
recommendations
Met one of the
recommendations
436 (18.8) 1.05 −0.97 −0.78 0.67 −0.74 −1.46 −1.05 −0.57 −0.29 0.03
(−0.30; 2.41) (−1.55; −0.38) * (−1.49; −0.07) * (−0.45; 1.79) (−1.92; 0.45) (−2.52; −0.40) * (−1.82; −0.27) * (−1.31; 0.17) (−0.46; −0.12) * (−0.26; 0.31)
Did not meet any
recommendations
Did not meet any
recommendations 1170 (50.4) REF REF REF REF REF REF REF REF REF REF
Adjusted for maternal education, body mass index z-score at T1, sex, and center. Abbreviations: PA, physical activity; ST, screen time; REF, reference group not meeting any recommendations
at either T0 or T1; CI, confidence interval; fizzy drinks (soft drinks and light drinks); juices (fresh fruit juices and packed juices); F & V, fruits and vegetables; dairy products (milk, yogurt,
and cheese); sweets (chocolate and chocolate spreads, cakes, biscuits, and pastries); desserts (smoothies, milk-based desserts, and sugar desserts). * P < 0.001.
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4. Discussion
In this study, associations between lifestyle behaviors, i.e., PA and ST and food and beverage
consumption in preschool children, were investigated. The novelty of this report included examining
adherence to both PA and ST recommendations across two time points and its relationship with food
and beverage consumption in a large sample of European preschool children. The main finding of
our study suggests that meeting both PA and ST recommendations at T0 and T1 was associated with
a high consumption of foods considered healthy (F & V and water) and a lower consumption of
energy-dense products (fizzy drinks, sweets, desserts, and salty snacks). In addition, we also observed
a low proportion of children adhering to both recommendations during the follow-up.
The high proportion of children who failed to meet individual PA and ST recommendations at
both periods agreed with results from other longitudinal studies, which observed similar trends. To
our knowledge, there is no study reporting the proportion of preschool children meeting both PA and
ST recommendations at the same time. Studies focusing on PA have reported that the percentage
compliance with MVPA recommendations for European children is generally low [29]. The Health
Behavior in School-Aged Children (HBSC) Study found that only 26% of its sample spent at least 1
h per day in MVPA [30]. Regarding ST, the HBSC study reported that 39% of the children complied
with screen time recommendations [31]. In European children, approximately one-third of the children
failed to meet current screen time recommendations [32]. An Australian study with a follow-up of
three years reported that less than 20% of the sample met the ST recommendations and that screen
time increased over the three-year follow-up. In addition, in an Australian study, participants were
less likely to meet ST recommended guidelines as they got older [33].
In our sample, we found low levels of PA and high levels of ST in preschool children. The
preschool age is an important period, as lifestyle behaviors such as PA and ST are established. However,
different studies have observed that PA decreases during early childhood and adolescence [34,35]
and even more so during the transition period from adolescence to adulthood [35,36]. Regarding ST,
studies have observed an increase in ST during early childhood and also during the transition from
primary to secondary school [37]. Both low PA and high ST have been associated with unfavorable
body composition indicators such as BMI and waist circumference [38–40], both being determinants
of obesity development in adulthood [33]. It has been suggested that ST, particularly TV, has an
important role in the etiology of obesity due to its relationship with other unhealthy behaviors and its
displacement of PA [41]. However, there is little evidence about the relationship between PA and ST
on the one hand and food and beverage consumption on the other hand.
Previously, several cross-sectional studies analyzed the effects of PA or ST (alone) on food and
beverage consumption. In European children (2–10 years old), boys and girls spending less time
doing MVPA were more likely to consume fast food and less likely to consume vegetables and
yogurt than those spending more time doing MVPA [13]. Similar associations were observed in
European adolescents [42]: Those adolescents with the lowest PA levels consumed fewer fruits and
dairy products compared to active adolescents. In a previous publication of the ToyBox study, those
exceeding baseline ST recommendations had a higher consumption of energy-dense foods (sugar-based
desserts, salty snacks, pastries, cakes, and biscuits) and beverages (fizzy drinks, sweet milk, and
juices) than those complying with ST recommendations [12]. Another study reported that high TV
viewing was related to less healthy food options (consumption of sweets and soft drinks) in children
from different countries [43]. A study carried out in Brazil [44] in children less than two years old
observed a positive association between time spent watching TV and the consumption of soft drinks.
Santaliestra-Pasias et al. [45] reported that increased TV viewing and computer and internet use
were associated with higher odds of sugar-sweetened beverage consumption and lower odds of fruit
consumption in European adolescents. In an Australian adolescent sample, TV viewing was positively
associated with energy-dense snack consumption and with higher availability of energy-dense snack
foods at home [46].
Nutrients 2019, 11, 1048 10 of 13
There is consistent evidence to show that consumption of energy-dense foods is positively
associated with low PA and high ST levels. However, research assessing the relationship between
combinations of both PA and ST and food and beverage consumption is very scarce. Although
high levels of both PA and ST have been observed in children [5], no studies have observed the
combined effects of adherence to PA and ST recommendations on food and beverage consumption in
preschool children.
This study had limitations. First, the generalizability of the findings is limited to the specific age
group studied in the current study. The method used to assess PA was a pedometer, aside from Belgium.
However, pedometers are not the gold standard in measuring preschool child PA, and therefore our
results should be interpreted with caution. Nevertheless, the use of a pedometer provided objective
information on PA, specifically in this age group. Information on food and beverage consumption and
ST were collected via parental self-reported questionnaires, which are prone to over- or underreporting.
However, the questionnaires used were developed/adapted and validated for the purposes of the
study [22].
The main strengths of our study included the use of a large and culturally and socioeconomically
diverse sample of preschool children from six different countries across Europe and its longitudinal
design. Information through questionnaires was assessed via standardized and harmonized
procedures [22].
5. Conclusions
This study examined the relationship between adherence to PA and ST recommendations and
food and beverage consumption. In this sample of preschool children, we found that low PA levels and
high ST were associated with an unhealthy food and beverage consumption profile. Preschool children
and their parents should try to increase family time spent at activities promoting physical activity
and to minimize the time they spend on screen time or being sedentary. In addition, public health
interventions should focus on activities aimed at increasing movement in preschool children. Enabling
healthier food and physical activity environments, together with the promotion of positive parental role
modeling, should be prioritized to achieve higher rates of adherence to PA and ST recommendations.
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